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(54) ROLLING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve a fatigue life 
and corrosion resistance by providing martensitic 
stainless steel of specified composition which constituted 
the parts to keep the crystalline grain diameter at the 
specified value or under. 

SOLUTION: A carbon concentration is regulated in a 
specified range by substituting a part of nitrogen having 
the similar solid solution reinforcing effect for carbon 
which adversely affects the corrosion resistance, forms 
coarse eutectic carbide when the content is large, and 
degrades the function. At least one component of a 
rolling device formed of stainless steel including a roller 
bearing and a direct-acting bearing provided with a shaft 
body, or an inner ring 1 , an outer ring 2 and rolling 

elements 3, is formed of martensitic stainless steel having the composition consisting of, by 
weight, <0.6% C, 10-20% Cr, 0.1-0.8% Mn, 0.1-1.0% Si, 0.05-<0.2% N, <3.0% Mo, <1.0% V, 
<7% Co, and the balance Fe, in which the relationship of C and Cr contents satisfies the 
inequalities of C%<-0.05% Cr+1.41 and C+N>0.45, and the mean grain diameter is <20 urn. 
The grain size becomes further smaller by adding 0.05-0.5% one or more of Ti, Nb and W. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In rolling equipment equipped with an axis or an inner ring of spiral wound gasket, an outer 
ring of spiral wound gasket, and two or more rolling elements at least one of said the component parts 
by weight % C; 0.6% or less, less than [ more than Cr;10%20% ], less than [ more than Mn;0.1%0.8% ], 
Less than [ more than Si;0.1%1.0% ], less than 0.2% N; 0.05% or more, Less than [ Co;7% ], Remainder 
Fe, and an unescapable component are contained less than [ Mo;3.0% ] and V; 1.0% or less. And rolling 
equipment which consists of martensitic stainless steel with which the relation of the content of C and 
Cr is satisfied with of C%<=-0.05Cr%+1.41, and it is satisfied of sum C+N>=0.45 of C and N, and is 
characterized by the diameter of average crystal grain being 20 micrometers or less. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About rolling equipments, such as anti-friction bearing made from stainless 
steel, direct-acting bearing, and a ball screw, this invention improves especially the ingredient 
presentation of a component part, and attains advanced features. 
[0002] 

[Description of the Prior Art] Generally, if it is bearing steel and SUJ2 of Japanese Industrial Standards 
is stainless steel as an ingredient of anti-friction bearing, the martensitic stainless steel of SUS440C of 
Japanese Industrial Standards or a 0.7C-13Cr system is used. For example, since anti-friction bearing is 
repeatedly used in response to shearing stress under high planar pressure, as for said bearing steel, 
hardening and annealing are given, as for stainless steel, hardening, subzero treatment, and annealing are 
given, and it considers as the degree of hardness of HRC 58-64 so that the shearing stress may be borne 
and a rolling fatigue life can be secured. 

[0003] In it being various and having used the common bearing steel of SUJ2 grade, when used under 
corrosive environment, rusting of it may be carried out at an early stage, and it may become impossible 
using the operating environment of anti-friction bearing. So, when especially rusting needs to be 
avoided, while excelling in corrosion resistance, SUS440C of a martensite system, the stainless steel of 
a 0.7C-13Cr system, etc. are used as high Cr system stainless steel bearing steel which has 58 or more 
degrees of hardness HRC required for bearing. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in such high carbon thirteen Cr stainless steel, it 
originated in that there are many contents of carbon and Cr, and including much big and rough eutectic 
carbide which exceeds 10 micrometers you to be Haruka, these became a source of stress concentration, 
the fatigue life was reduced, and there was a problem of also causing degradation of toughness, 
corrosion resistance, etc. further. 

[0005] It aims at offering the rolling equipment in which a degree of hardness, corrosion resistance, and 
the improvement in a life are possible without developing this invention that said many problems should 
be solved and making eutectic carbide big and rough. 
[0006] 

[Means for Solving the Problem] Invention-in-this-application persons are developing C which does not 
make eutectic carbide big and rough, and the rolling equipment which enables improvement in a degree 
of hardness, corrosion resistance, a life, etc. for the relation of Cr content a header and by adding 
nitrogen further so that it may already be indicated by JP,9-287053,A. The cause of reinforcement and 
corrosion-resistant improvement was presupposing that it is this invention what is depended on addition 
of the nitrogen which is a corrosion-resistant improvement element at the carbide detailed-ized 
effectiveness list by carbonaceous reduction-izing. However, when invention-in-this-application persons 
attained 15 micrometers or less of diameters of average crystal grain by inquiring further 
wholeheartedly, controlling the amount of non-dissolved carbide or carrying out minute amount addition 
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of the elements, such as Ti, Nb, and W, it found out that not only a fatigue life but corrosion resistance 
could improve further. 

[0007] In the rolling equipment with which the rolling equipment which ** and is applied to this 
invention was equipped with an axis or an inner ring of spiral wound gasket, an outer ring of spiral 
wound gasket, and two or more rolling elements, at least one of said the component parts is weight %. 
C; 0.6% or less, less than [ more than Cr;10%20% ], less than [ more than Mn;0.1%0.8% ], Less than 
[ more than Si;0.1%1.0% ], less than 0.2% N; 0.05% or more, Less than [ Co;7% ], Remainder Fe, and 
an unescapable component are contained less than [ Mo;3.0% ] and V; 1.0% or less. And it consists of 
martensitic stainless steel with which the relation of the content of C and Cr is satisfied with of C%<=- 
0.05Cr%+l .41, and it is satisfied of sum C+N>=0.45 of C and N, and is characterized by the diameter of 
average crystal grain being 20 micrometers or less. 

[0008] Moreover, in said stainless steel, even if there are little Ti, Nb, and W, more than a kind is added 
0.05 to 0.5% of the weight. Moreover, the reason for limitation of the stainless steel component of said 
invention is as follows. 

[C; little content]C is so good that there is from a corrosion resistance field, although it is an element to 
which raise the hardness after hardening and temper and reinforcement is made to increase by 
martensite-izing a base. If it adds so much, Cr will form big and rough eutectic carbide at the time of 
steel manufacture. Consequently, sufficient corrosion resistance is not only no longer acquired, but Cr 
concentration of radical underground is insufficient and it reduces a fatigue life, toughness, and 
workability. Therefore, the carbon content could be 0.6 or less % of the weight. However, from a 
viewpoint of corrosion resistance and workability, it may be less than 0.45 % of the weight still more 
desirably less than 0.5% of the weight. 

[Cr; although content]Cr is most important element that gives corrosion resistance to steel, unless it fills 
to 10.0% of the weight, good corrosion resistance is not acquired. Moreover, when Cr content increased, 
corrosion resistance improved, but since it becomes easy to generate a delta ferrite and eutectic carbide, 
toughness or a fatigue life was reduced and workability also deteriorated further when it added beyond 
the need, it could be 20 or less % of the weight. Furthermore, it takes preferably for 16.5 or less % of the 
weight 1 1 .5% of the weight or more. 

[Mn; although added 0.1% of the weight or more by the element required as a deoxidizer at the time of 
steel manufacture, since cold-working nature and machinability not only fall, but it coexists with 
impurities, such as S and P, and corrosion resistance is reduced, and the amount of retained austenites 
increases depending on the case and sufficient hardening hardness may not no longer be obtained if it 
adds so much, content]Mn may be 0.5 or less % of the weight preferably 0.8 or less % of the weight. 
[Si; content] Si is required 0.1% of the weight or more as a deoxidizer at the time of steel manufacture as 
well as Mn. Furthermore, temper softening resistance is raised, and although it is an element effective in 
raising a rolling fatigue life, since toughness and cold-working nature will be reduced if it adds so much, 
it may be 1 .0 or less % of the weight. 

[N; content]N has the operation which strengthens martensite and raises corrosion resistance and 
abrasion resistance like C, and, for a certain reason, also adds the operation which controls formation of 
still bigger and rougher eutectic carbide 0.05% of the weight or more. Moreover, generally, since the 
nitrogen solubility in molten steel and a primary phase ferrite is small at the steel-manufacture home 
under the usual atmospheric pressure conditions, it is very difficult to add 0.2% of the weight or more of 
nitrogen in the component of invention-in-this-application steel. Furthermore, if it was going to add a lot 
of nitrogen, since air bubbles would arise in a coagulation process, a lot of pores would be introduced in 
an ingot and the soundness of a material would be spoiled, in the invention in this application, the 
content of nitrogen was made into less than 0.2 % of the weight 0.05% of the weight or more. 
[Mo; content]Mo has the operation which increases hardenability and temper softening resistance 
remarkably. Furthermore, it acts effective also in corrosion resistance. However, when it added 
superfluously, not only toughness but the hardness after annealing became high, consequently cold 
sweat workability and machinability fell, and it was presupposed that the manufacturing cost of not only 
material cost but bearing becomes [ 3.0 or less-% of the weight ] high. 
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[V; content]V is powerful carbide and nitride generation element, into a base, deposits minutely and 
contributes at precipitation strengthening. When temper is especially carried out at an elevated 
temperature, it acts on secondary hardening, and there is an operation which raises hardness at high 
temperature. Therefore, although alternatively added to 1 .0 % of the weight, if added so much exceeding 
1.0 % of the weight, carbide will make it big and rough in a coagulation process, or workability, such as 
machinability, is reduced remarkably. 

[Co; it is an austenite stabilization element, and generation of a delta ferrite is suppressed, solid solution 
strengthening of the base is carried out further, and content] Co as well as nickel has the operation which 
raises hardness at high temperature. Conversely, since workability fell and material cost rose remarkably 
when it added so much, the upper limit was made into 7.0 % of the weight. 
[-- C+N; content] — in order to obtain sufficient abrasion resistance with 58 or more-HRC surface 
hardness after hardening and temper, C+N is required 0.45% of the weight or more. Moreover, if the 
upper limit of carbon concentration is not limited to C%<=-0.05Cr%+1.41, the big and rough eutectic 
carbide, for example exceeding 20 micrometers will generate, and an acoustic feature, a fatigue life, 
toughness, etc. will be reduced. 

If [diameter of average crystal grain] crystal grain makes it big and rough, it rolls, and the grain 
boundary volume will be decreased, and it will promote segregations, such as P in a grain boundary, and 
a life not only falls, but it will cause a corrosion resistance fall. In order to obtain a desirable result, 20 
micrometers or less of crystal grain are preferably set to 10 micrometers or less. It is attained by 
specifically controlling the magnitude and the amount of the non-dissolved carbide contributed to the 
pinning effectiveness. Moreover, since Cr concentration of a matrix is securable as compared with the 
case where these show the same effectiveness as detailed carbide or carbon nitride, and non-dissolved 
carbide is further used also by adding at least one or more sorts of Ti, Nb, and W 0.05 to 0.5% of the 
weight or more, it is desirable in anticorrosion. However, even if it added beyond the need, since the 
effectiveness was saturated and led to a cost rise, it made the upper limit 0.5%. Moreover, since it is 
easy to segregate P to a grain boundary, S tends to exist as MnS and both affect corrosion resistance, the 
fewer possible one is good and may be 200 ppm or less preferably, respectively. Furthermore, in order 
that it might combine with aluminum in steel, and oxygen (O) might serve as B type inclusion and might 
reduce a fatigue life, its fewer possible one was desirable and set it to 20 ppm preferably. 
[0009] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained. 
Drawing 1 is the sectional view of the deep groove ball bearing of this operation gestalt. This ball 
bearing consists of two or more rolling elements (ball) 3, an inner ring of spiral wound gasket 1 located 
in the inner direction rather than it, and an outer ring of spiral wound gasket 2 located in the method of 
outside [ it ], being held between an inner ring of spiral wound gasket 1 and an outer ring of spiral 
wound gasket 2, it rolls and a rolling element 3 is guided. At this time, the rolling slot for guiding a 
rolling element 3 is established in the inner ring of spiral wound gasket 1 and the outer ring of spiral 
wound gasket 2, and the rolling element 3 is held in said rolling slot at ** [ cage / 4 ]. 
[0010] Next, the alloy content of the example of this operation gestalt used for the above ball bearings 
and the example of a comparison is shown in Table 1. In addition, ** of front Naka shows said right- 
hand side of C%<=-0.05Cr%+1.41, and ** shows the value of C+N. Only the component added 
positively is indicated in front Naka, and it has omitted about the component contained unescapable to 
it. Moreover, heat treatment was made into the following conditions, namely, about what added Ti, Nb, 
and W After [ 1200-1350 degree-Cx 1 hour solution treatment ] water cooling is carried out first, and it 
holds at 900-950 degrees C after that for 1 hour. Detailed Ti, By depositing the carbide, carbon nitride, 
etc. of Nb and W, and hardening at the existing fixed temperature of further 950-1 100 degrees C The 
gestalt of non-dissolved carbide and a sludge was controlled, the diameter of crystal grain was changed, 
the subzero treatment of -70 - -90 degree-Cx 1 hour was performed succeedingly, and, finally annealing 
of 1.5 hours was given at 160 degrees C. In addition, about A-8 and A-9, tempering temperature was 
made into 450 degrees C, and annealing of 1.5 hours was given. On the other hand, about what does not 
add Ti, Nb, and W, the gestalt of non-dissolved carbide was controlled by hardening at the existing fixed 
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temperature of 950-1 100 degrees C, the diameter of crystal grain was changed, the subzero treatment of 
-70 - -90 degree-Cx 1 hour was performed further succeedingly, and, finally annealing of 1.5 hours was 
given at 160 degrees C. 
[0011] 
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[0012] The example A-1 to A-9 has satisfied all the requirements for a configuration of said invention in 
this application so that clearly from this table. On the other hand, C concentration and N concentration 
do not satisfy the requirements for a configuration of the invention in this application, and, as for the 
example B-1 to B-3 of a comparison, further B-1 and B-3 have not satisfied said requirements of C%<=- 
0.05Cr%+l. 41. Moreover, B-4 has not satisfied C+N>=0.45 % of the weight requirements. Moreover, 
B-5 has not satisfied the requirements for Cr concentration. 

[0013] Next, using the stainless steel of said each example and the example of a comparison, said deep 
groove ball bearing of examples 1-9 and the examples 1-7 of a comparison creates, and the result of the 
heat treatment quality of those ball bearings and life test, and a corrosion resistance test is shown in 
Table 2. In addition, the conditions of life test and a corrosion resistance test are as follows. 
[Life test] 

Trial bearing: Deep groove ball bearing 6206 load : Fr900kgf rotational frequency : 3900rpm 
lubrication : The VG68 measurement size n= 10 was evaluated, the Weibull plot was performed, and 
L10 life was computed. 

[Corrosion-resistant evaluation trial] JIS Z It carried out by the salt spray test approach based on 2371 . It 
is as follows for details. 

[0014] The salt-spray -test approach testing liquid: 5%NaCl sol 

temperature :35-degree-C test time: - 50-hour valuation-basis: - O and the thing as which rusting was 
regarded a little were made into **, and what rusting was remarkably regarded as was made into x for 
those without rusting. 

[001 5] Moreover, heat treatment quality is expressed with HRC hardness and the diameter of crystal 
grain, and the diameter of crystal grain is 3 in one 1000 times the scale factor of this 0.03mm. It 
observed and the diameter of average crystal grain was computed by image analysis. 
[0016] 
[Table 2] 
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[0017] It is altogether satisfied with each example of this operation gestalt of 58 or more hardening 
hardness HRC, and the diameter of average crystal grain is 20 micrometers or less, and are very long 
lasting and high anticorrosion so that more clearly than this table. About especially the thing that did 
0.05 % of the weight >= addition of at least one or more kinds of Ti, Nb, and W, crystal grain is in the 
inclination which becomes still finer according to the pinning effectiveness by those sludges, and it is 
long lasting a little. 

[0018] On the other hand, the examples 1 and 3 of a comparison were examples with which are not 
satisfied of said requirements of C%<— 0.05Cr%+1.41, and since they contained big and rough eutectic 
carbide, the exfoliation on the basis of it occurred, and they became a short life. Moreover, corrosion 
resistance is also inadequate. Moreover, although the example 2 of a comparison has satisfied said 
requirements of C%<=-0.05Cr%+1.41, it is common for the examples 1 and 3 of a comparison, and it 
originates in C concentration being high too, and sufficient corrosion resistance is not acquired. 
Moreover, the example 4 of a comparison is an example with which are not satisfied of C+N>=0.45%, 
and is inadequate, and the diameter of crystal grain is also made big and rough, and sufficient life is not 
acquired. [ of hardness ] Moreover, Cr is insufficient for the example 5 of a comparison, and sufficient 
corrosion resistance is not acquired. Moreover, although the examples 6 and 7 of a comparison are 
examples at the time of changing and evaluating the heat treatment conditions of examples 1 and 2, the 
diameter of crystal grain has made it big and rough a little, and a life and corrosion resistance are falling 
as compared with examples 1 and 2. 

[0019] In addition, such stainless steel is widely applicable to anti-friction bearing of not only a ball 

bearing but others, direct-acting bearing, a ball screw, etc. 

[0020] 

[Effect of the Invention] As opposed to the stainless steel material which is the component according to 
the rolling equipment of this invention as explained above By nitrogen with a comparable solid- 
solution-strengthening operation permuting in part the carbon which is the component for which big and 
rough eutectic carbide is formed in, and a function is reduced when there are many contents while 
having a bad influence on corrosion resistance, and regulating carbon concentration within fixed limits 
Functions, such as corrosion resistance and a rolling life, can be further raised by controlling formation 
of big and rough eutectic carbide, and controlling the diameter of crystal grain to 20 micrometers or less. 
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[0002] 20 

fct $&%MX-btUiB*TMM#i<D SU J 2#. Xf V 
U-*WT**l.tfB*l3aK&tf>S U S 4 4 0 C«V^H 
0. 7C-1 3Cr,|«V/l-f Vt-f h^Xf 

• x^yvxmtmx ■ 

•ftKUPIt&tU HRC5 8~64«)8*i§*l-0> 
&. 30 

[0003] is* 5 o«iiS<offifflawni#a#«-c* o , 

SU J 2«aHR0>MKM*fflv*fc«>T<i. BMtawrf 

■•M h^C9SUS44 OC-^0. 7C-13Cr^c7)X 
[0004] 

[3MBjM*ftLJ:?i:-f*RH] L^LSr*^, <!<9<fc 40 

[0005] *»Wili»£iSHH£l!li*-f BB?SSn 
Alt. ^fiJ^TflE*C»i6B*il«t4ii:*aW 
[0006] 50 



^2000-22664 1 
2 

[SHI«:»*f &fc*>«>^&] aMBHBt^tt. 8fcft 
HJ s F9-287053^4NBfciea3*l*J:dfc. &A 
IM£ffi;MfcL^C. Cr*«««»«rJUIJU. 

j: *i^si«^i^^tWfttti*i±jaR'r* ^ssi 

•HHUfcO. *MiT i , Nb. W|«07C*£fiMBRilD 
L*: 9"f Z b t J: o ¥^ b b bS@ 1 5 ^ m&TZ 

[0007] ML--C, #&HJ]£ffi&te»ISB(i. MftX 

^•Cs iiweii)Raafc<oiKr<i: s*%t\ 

C ; 0. 6%OTs C r ; 1 0%&±2 0 WF. M 
n ; 0. l%ULb0. 8%WT\ S i ; 0. l%fclh 
1. 0%OT. N; 0. 0 5%WJbO. 2%*Sh M 
o ; 3. 0%OT. V ; 1 . 0%fclT> Co ; 7%fcl 

^•tMl* ! C%S-0. 05Cr%+l. 4 1*81 
£U I-5CtN»ftC + NS0. 4 5^m&th-7lV 

ry*M h^x^yuxmx-m^tixa*) . &n<r> 

TOSIWiStf 20 m m&TX'h hZk.Z®mt?&i> 
COT'* 4. 

[0008] ttz. milXT-yuxmizts^x . Ti, 
Nb, W<0^<i t-SiiLhSr. 0. 0 5-0. 5S 

smarts. ffltEawoxr^w^aift^ro 
cj; o> ma • mm<r)mift±.z-<tx%iBLtmiiz 

Bfttt* l »4»n*<46«»rw:<. ass**, »tt. 

%OTfcUfc. fit, iSt^tt, SDXtt««j±i*^«0. 
5 H(CS^L<(S0. 4 5J»K*»i"t 

[C r ; C rJi, «Bt»Att*4i4ftta» 

^7C3gT$>4^\ 10. 0fift%tg}^^r^i:^»^iW 

Lfc. SKJf*L<«, 11. 5£*mtl6. 5tt 

[Mn ; Mnli 8W$(0KiSHj: LT^^r 

7rJgT'0. Itt%lil±8sjn$ii4* { . zmzWwth 
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3 

fcjwaiDitt, mmtf<8iT?imix'%< . s. p« 

*»4>*i$r<$r4.Li:a t **tf>T\ 0. 8M%OT, ff 
4L<tiO. 5M%OTi:-fS. 
[Si Si{iMnfc|5|t<, MM0RI0H 

fcLfO. lMtxeUbMIT**. Rte. &Kftft& 

-tf-sw-ei. oa*%tiTt-ri.. 10 

0 5M%JS±*an**. 4£, h&KjI&o^me^ 
2fift%ja±oa**j6airt-6ii:tt*«t:rarc. jg 

0. 0 5S*%fcLtO. 2SS%*Sti Lfc. 

[Mo m o itmximr/immm.ijm *w 
&<%&cr>3. omm.%WFtitz. 

[ C o ; C o t N i t RttC. *-Xt7M h 

IftfclliSfflHkU S&$££fi±£tf£f1MB* i S>£. 32 
£.&W&Gto*h tflPltttfiKT-f S L . itJnx h# 

[C + N;*«J«A-«»?aKHRC5 8J2U:tf>« 40 
SRi»Kt+»4»*(lttSr»4feAfc:ttC + N*»0. 4 
SM^ULbeWCft*. 4£, ^3StigSg<7)±|®£C% 
g-O. 0 5Cr%+l. 4 lfcRjeUGr^fc, Witf 

2 o ^ m b w&#xwmimjBL IX , 
&T?z>t3ix'%<. mfrmtfm-ix, mmzm 

V«**»6fcft(Ctt, ISIM&^OjumJaT, # * L 
<U1 O/xmJSlTk-fS. ey-^^ft* 50 



&m2 0 0 0-2 2 6 6 4 1 
4 

itfiSStll.. *tz. Ti, Nb. W«#»fr<fc(>iaGl 
±5:0. 0 5-0. 5ttfi%ULL»fl>C:fcK«ko-t 

0. 5%fcLfc. 4£. PJififftflltfLIK. SliM 
nStLT#£LJK, iffefefcWJ6ttK»»*aart 

ti, 200ppmJaTkf6. Kfc. IBR (O) 

T**«{tiWf^** t #4L<. *F*L<tt 
20ppmt Ut. 
[0009] 

&s. .roam®*. mtLvmmto (x->v) 3t, * 

■t**HI2i:*»fe*0, fe«J*3(irt^l t?W62t 
f*llSi 1 2Uf 5Mft 2 ti± . m>W 3 Sr3Sl*rt- 4 fcft Wfitt 

[ooio] jxk. «ratf)i d*5ttstfflv^s^as 

fc, ^*C0®*ifffaC%g-O. 05Cr%+l. 4 1 

mmizmnitz&^co^imLxa*) . ^rawt* 

«(ttU;. EP*,. Ti, Nb, W*a&JnLfct>*> 
tCO^Tti, 4-f 1 2 0 0 — 1 3 5 0'CX 1 B§®if(*:^ 

l . -e^, 9 o o - 9 5 o°ct i B#ra^ 
ltim^t i . n b . wvmm ■ aaMMWffcfftij 
wc9 5 o~i i o ow**— ^iwcfflw. 

ttJIKSMEfl&e. 9l*«V^T-70 — 90-C 
x 1 B^ra^'tT'-fe'D^iiSrffV^, fi^WtC 1 6 0°Ct' 

1. 5«HB««BIU«rttLfc. ^fc, A-8MA-9 
fcoirvctt. MMiaS5r4 5 0 c Ci:L. 1. 5B$^c7)M 
RUtitLfc. Ti, Nb, wtjSJnU'Srv^w 
^O^Tfi, 9 5 0-110 0"C0)**-€f5iafltC« 

Aii$rff a ; t x'^mm^immmmm i , s B B B fi 

SSrSSffcStf, 3EKgiS«V%T-7 0 — 9 0'CxiB# 
ra^y-tfDjaaSrfio, fl^Wt: 1 6 O'Ct-1 . 5B# 

[00 11] 
[*1J 
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5 6 





No 


C 


SI 


Nn 


Cr 


No 


V 


Co 


N 


Ti 


Nb 


V 


(D 


<Z> 




A-1 


0.45 


0.32 


0.29 


13.02 


- 


- 


- 


0.13 


- 


- 


- 


0.76 


0.58 




A-2 


0.47 


0.28 


0.43 


15.02 


- 


- 


- 


0.12 


- 


- 


- 


0.66 


0.59 




A-3 


0.43 


0.38 


0.32 


12.78 


- 


- 


- 


0.09 


0.42 


- 


- 


0.77 


0.52 




A-4 


0.49 


0.28 


0.42 


14.98 


0.98 


- 


- 


0.16 


- 


0.21 


- 


0.66 


0.64 




A-5 


0.55 


0.31 


0.30 


13.21 


0.45 


0.98 


- 


0.14 


- 


- 


0.45 


0.75 


0.69 




A-6 


0.45 


0.30 


0.31 


12.99 








0.12 


0.19 


0.20 




0.76 


0.57 


M 


A-7 


0.46 


0.38 


0.25 


13.50 


0.43 


0.45 




0.13 




0.09 




0.74 


0.59 




A-8 


0.32 


0.30 


0.30 


16.17 


2.89 




5.43 


0.18 




0.39 




0.60 


0.50 




A-9 


0.31 


0.29 


0.33 


18.12 


2.01 




3.49 


0.19 


0.10 




0.21 


0.50 


0.50 




B-1 


0.73 


0.42 


0.76 


13.98 
















0.71 


0.73 




B-2 


0.67 


0.39 


0.65 


12.78 
















0.77 


0.67 


« 


B-3 


1.01 


0.27 


0.56 


17.12 


0.12 














0.55 


1.01 


M 


B-4 


0.26 


0.31 


0.31 


12.89 








0.12 








0.77 


0.38 




B-5 


0.48 


0.58 


0.41 


9.98 








0.07 








0.91 


0.55 



C%S-0.05Cr%+1.41 • • • <D 
C+N^O.46% • • <2> 



[0012] Z<D$ttj>e>*Rt>irti:£ o (c » - 1 * 

~A-9ii, m&mw<?)mf8mf¥Z£xffiB.ix^ 20 

h. ZtllZttlX. Jt«MB-l~B-3(iCiftK&Uf 

-lfttfB-3fcL ffieC%g-0. 0 5Cr%+l. 
4l<3Bft£Si£l/0*S:v*. B-4(iC + N^ 
0. 4 5**%«0Bfr*»£l/O^. ttl. B-5 
tie r«SOgtt£il£LT"V*S:^. 

[ 0 0 1 3 ] mz. mi&mmMRVitmwxT-yu 

mEBNatMM 1 s zti h cos w&<rmm&&mm 

mimmmmmizTtt. mm 30 
k. M&m£M<n%.mmT<nm*)X'bh. 

WML :Fr900kgf 

:3900rpm * 



: VG68 

^X77H&n=l OSrfWBLT. V-f^rovhJff 
lt\ LI OjWteJMJLfc. 
[■tettffffiHIft] J I S Z 

[0014] iMWmWMWk 



2 37 1CiMUl 



as 



s o 1 



5%NaC 1 
35'C 
5 0«fd 

[00 1 5] mm&mi. hrcwz tmm. 
tetx-mi. tnm.mui%mi 0 0 o«ro . 0 3mm 

[00 16] 
[St2] 
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7 8 







HI 


9$ 

(HRC) 


ttatts 


** 

mm 


tt?k«5 




i 


A-1 


59.6 


14 


589 


O 




2 


A-2 


59.8 


12 


643 


O 


m 


3 


A-3 


60.1 


10LUT 


945 


O 




4 


A-4 


60.1 


10WT 


976 


O 




5 


A-5 


61.4 


10IUT 


998 


A 




6 


A-6 


60.2 


10WT 


945 


O 


m 


7 


A-7 


60.4 


11 


803 


O 




8 


A-* 


59.5 


lOttT 


991 


o 




9 


A-9 


59.4 


10JJIT 


967 


o 




1 


M 


60.2 


10JJIT 


328 


X 


tt 


2 


B-2 


60.5 


10UT 


476 


X 




3 


B-3 


60.8 


10JSIT 


178 


X 


m 


4 


B-4 


57.4 


25 


302 


A 




5 


8-5 


59.4 


13 


578 


X 


m 


6 


A-1 


61.2 


22 


417 


^ A 




7 


A-2 


61.6 


24 


398 


A 



[0017) ZnmXOWhfrtcX o fc. *gM8&B<7) 

zmmmx'te. £xm.xmz hrcs sulcus, u 
aor^sftas** 2 0^ m ott* o , IMtfcS* 20 

ft. JW»*C*S. «HC. T i . Nb. W^jr< fct 
lSOWaLhtO. 0 5M&i8ainU:fc«>fcoirVt 
<i. Ztih<r>tf$,mz& ft t y- v^Sfc: J: -sT , m 

[0018] ztuzntx. immi. 3mac%^ 

-0. 0 5Cr%+l. 4 l^Sfr^lfiLTV^V^ 
k^-HJ-Tfcft. tt«W2tt. flriec%s-o. 

0 5C r%+ 1 . 4 l«0Bfr«8l£LTHfta«. Jt«W 30 
1. 3tftMLT, *tt9C«fcOTfct£i:fcllBHL'C 

0. 4 5KSr*tftl/0>fcVWC& l 5, aSjWFHi- 

hix^\ 7li5HtWl, 2«!UI 

TIM LfcS^WC****, ttJHaffi**^ 

mwkLTfcOs mmmi. 2izimtxm^tm^, 

ttaWSTLT^ft. * 



[0019] =5rfc, COJ: j^fyv^ili. 
[0020] 

[JHH*)»*] J2UJMHU:J:d<c. *«!ll«>£«i»S 
fciWf. -ec7)«^Wt'*ft^ryV^fflW^L 

ix . fl»aat-jeoti5iirt cau-r ft - 1 1 «fc o . 
ffl^^*B B B ^»^)S$:»$ij t r , 20// 

maTlzMW-f&Zb iz£ *) . SfcWAtt*E»«a*tf»^ 
[»OfSsm»J!] 

[01 ] W^fKilgaco-^itfeJBSt'fcftittSJr 

Uil*ll& 
2U»Mft 
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«H1 



O 

v / 
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